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(54) Cryogenic liquid heat exchanger ayetem with fluid ejector 



(57) A cryogenic liquid heat exchanger system (1 0) 
has a subatmospheric pressure resen/olr (14). a tube 
(24), and an initial fluid ejector (1 2). The sub-atmospher- 
ic pressure resen/olr (14) has a vacuum exhaust (32). 
The tube (24) extends through the resen/oir (14). The 
Initial fluid ejector (12) has a suction chamber inlet that 
is functionally connected to the resen/oir vacuum ex- 
haust (32). The system may have a plurality of fluid ejec- 
tors connected to one or more exhausts either in series 
or parallel. The initial fluid ejector (12) may receive one 
or more pressurized flukl streams (36), and the streams 
may be steam. A process for generating sub-atmos- 
pheric pressures in a cryogenic fluid heat exchanger 
reservoir (14) includes the step of discharging an initial 
fluid stream (36) into an initial fluid ejector (12) having 
a suctfon chamber (30) functionally connected to an ex- 
haust (32) of the rese woir (1 4). A process for generating 
sub-atmospheric pressures in a cryogenic fluid heat ex- 
changer resen/otr includes the step of using a fluid ejec- 
tor (12) to reduce the pressure In the resen/oir (14). In 
either process, cooling cryogenic fluid (16) is directed 
through the reservoir (14). The cooling cryogenic fluid 
(16) may be liquid nitrogen or liquid hydrogen. In either 
process, an incoming cryogenic fluid stream (22) is di- 
rected through a tube (24) that extends through the res- 
en/oir (14). The incoming cryogenic fluid (22) may be 
liquid oxygen or liquid hydrogen, or any other suitable 



cryogenk: fluid. 
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DescriptI n 

BACKGROUND OF THE INVENTION 

1. Field of th Invention 

[0001] This Invention relates to cooling systems and, 
more specifically, to cryogenic cooling systems.. 

2. Description of the Related Art 

[0002] Propulsion systems utilizing cryogenic liquid 
oxygen and/or hydrogen, such as the Space Shuttle, At- 
las/Centaur, Delta, etc.. are currently filled from the fa- 
cility storage tanks and subsequently allowed to cool in 
the flight tanks in order to reject the heat absorbed by 
the liquid as a result of environmental heat leak, transfer 
line, and tank wall chill-down. The cooling of the liquid 
bulk is desirable in order to increase the liquki density 
so that more impulse mass can be stored in the tank, 
and also to reduce the liquid vapor pressure so that the 
tank operating pressure and tank weight is minimized. 
[0003] The prior art discloses numerous process and 
systems for cooling the cryogenic liquid. The cryogenic 
liquid may be cooled through jackets on the tanks. How- 
ever, due to weight restrictions and the problems asso- 
ciated with such low temperature cooling, a cryogenic 
liquid stream is cooled. The cryogenic liquid stream that 
initially charges the tank may be cooled prior to entering 
the tank. The cryogenic liquid in the tank is furthered 
cooled through reducing the temperature of a recircula- 
tion stream of cryogenic fluid. 
[0004] The prior art discloses a cryogenic heat ex- 
changer system that comprises a tube or tubes that ex- 
tend through a reservoir The cryogenic stream that Is 
to be cooled is directed through the tubes. The resen^olr 
is filled with another cryogente fluid at a lower tempera- 
ture. The tubes through which the cryogenic fluid stream 
flows are submerged in the reservoir, resulting in the cry- 
ogenic fluid stream being cooled as it moves through 
the tubes. 

[0005] The cryogenic fluid in the heat exchanger res- 
en/oir may be at a sub-atmospheric pressure to maintain 
it at a lower temperature and assist in thermal transfer 
between it and the cryogenic fluid stream. The prior art 
discloses using a dedicated compressor to create the 
sub-atmospheric pressure and compress the vapor 
from the resen^oir prior to discharge. This process and 
system directly requires the use of the compressor, 
which is a complex piece of equipment. 
[0006] Therefore, a need exists to create a sub-at- 
mospheric pressure in the heat exchanger resen/oir 
system that requires simpler dedicated equipment than 
a compressor. 

SUMMARY OF THE INVENTION 

[0007] In an aspect of the invention, a cryogenic liquid 



heat exchanger syst m comprls s a subatmospheric 
pressure resen^oir. atube, and an initialfluki ejector. The 
sub-atmospheric pr ssure reservoir has a vacuum ex- 
haust. The tube extends through the resen/oir. The initial 
s fluid ejector has a suction chamber inlet that is f unctton- 
ally connected to the resen^olr vacuum xhaust. 
[0008] In further aspects of the invention, suction 
chamber inlets of a plurality of fluid ejectors are func- 
tionally connected to the resen^oir vacuum exhaust or 
10 to a plurality of resen/oir exhausts. The plurality of fluid 
ejectors may be functionally connected to the exhausts 
in series or In parallel. The initial fluid ejector may have 
one or more fluid stream inlet nozzles. The initial fluid 
ejector may be a steam ejector. 
IS [0009] In an aspect of the invention, a process for gen- 
erating sub-atmospheric pressures in a cryogenic fluid 
heat exchanger reservoir comprises the step of dis- 
charging an initial fluki stream into an initial fluid ejector 
having a suction chamber functionally connected to an 
exhaust of the reservoir. Afurther aspect of the invention 
may have a plurality of initial fluid streams discharging 
into the initial fluid ejector. Another aspect of the inven- 
tion has a plurality of initial fluid streams discharging to 
a plurality of initial flukJ ejectors having suction cham- 
bers, wherein the suction chambers are functionally 
connected to a plurality of resen/oir exhausts. In another 
aspect of the invention, a plurality of fluid streams are 
discharged into one or more serially connected fluid 
ejectors, wherein a first fluid ejector of the serially con- 
nected fluid ejectors has a suctk>n chamber that is func- 
tionally connected to an outlet of the initial fluid ejector 
The fluid stream may be steam. 
[0010] In a further aspect of the Invention, coolingcry- 
ogenic fluid may be directed through the reservoir. In 
another aspect of the invention, the cooling cryogenic 
fluid comprises liqukl nitrogen, liquid hydrogen or any 
other cryogenic liquid with suitable properties. 
[0011] In a further aspect of the invention, an incoming 
cryogenic fluid stream is directed through a tube that ex- 
tends through the reservoir. In another aspect of the in- 
ventk)n, the incoming cryogenk: fluid comprises liquid 
oxygen or liquid hydrogen. 

[001 2] In an aspect of the invention, a process for gen- 
erating sub-atmospheric pressures in a cryogenic fluid 
heat exchanger reservoir comprises the step of using a 
fluid ejector to reduce the pressure in the resen/oir. Fur- 
ther aspects of this aspect of the inventton were dis- 
cussed above In connection with the process for gener- 
ating sub-atmospheric pressures in a cryogenic fluid 
heat exchanger resen/oir. 

BRIEF DESCRIPTION OF THE DRAWING 

[0013] Figure 1 schematk:ally shows a cryogenic liq- 
uid heat exchanger system according to an embodiment 
of the inventbn. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Referring now to Figure 1, wherein like refer- 
ence numerals refer to like elements throughout the fig- 
ures, a cryogenic liquid heat exchanger system 10 uses 
a fluid ejector 12 to create a sub-atmospheric pressure 
in the system's reservoir tank 14. The fluid ejector 12 
has no moving parts, therefore the system 10 Is simpler 
than the cryogenic liquid heat exchangers of the prior 
art that use a dedicated mechanical system to create 
the sub-atmospheric pressure. The fluid ejector 1 2 does 
use a pressurized fluid stream 36 which may be gener- 
ated by a mechanical system with moving parts, such 
as a compressor, a pump, or a boiler. 
[001 5] The resen^oir 1 4 is a tank that holds a cooling 
cryogenic fluid 16. The cryogenic fluid 16 is shown en- 
tering the resen/oir 14 on the right as a reservoir inlet 
stream 18. The cryogenic flukJ 16 Is shown exiting the 
reservoir 1 4 from the bottom as a reservoir outlet stream 
20. 

[0016] The cryogenic liquid heat exchanger system 
10 cools a cryogenic fluid stream 22. The stream 22 
flows through a tube 24 that extends through the reser- 
voir 14. The tube 24 is submerged in the cooling cryo- 
genic fluid 16 in the reservoir 14. The cooling cryogenic 
fluid 1 6 is colder than the stream 22. The stream 22 exits 
the tube 24 and the reservoir 14 as a cooler cryogenic 
liquid stream 26. Embodiments of the invention com- 
prise many an'angements of the resen^olr 14 and the 
tube 24. as is known by those skilled in the art. 
[0017] The reservoir 14 is kept at a sub-atmospheric 
pressure through the use of the fluid ejector 12, Thefluid 
ejector 12 comprises a suction chamber 30 that is func- 
tionally connected to a vacuum vent 32 in the reservoir. 
The vent 32 is k)cated at the top of the resen/oir 1 2 such 
that it has access to ullage 34 in the resen/oir. 
[0018] To use the fluid ejector 12 to generate the sub- 
atmospheric pressure, the pressurized fluid stream 36 
is directed Into a fluid stream inlet nozzle 38 of the ejec- 
tor 12. As the stream 36 flows through the fluid ejector 
1 2, vapor 40 is drawn up from the ullage 34, through the 
vacuum vent 32 and into the ejector suction chamber 
30, resulting in sub-atmospheric pressure created in the 
resen/oir 1 4. The vapor 40 mixes with the high pressure 
fluid stream 36 to form an ejector discharge stream 42 
that exits the ejector through a discharge end 44 of the 
fluid ejector 1 2. The discharge end 44 is dlstally located 
from the fluid stream inlet nozzle 38. 
[001 9] Embodiments of the inventfon may have many 
different variations on the use of fluid ejectors. A fluid 
ejector may use any suitable pressurized fluid stream to 
operate, the fluid being a gas or a liquid. The fluid ejector 
1 2 and the pressurized flu Id flow 36 are designed to pre- 
vent localized freezing in the ejector. In an embodiment 
of the invention, a steam flow is the pressurized fluid 
stream. In an embodiment of the invention, a fluid ejec- 
tor nrtay have multiple Inlet nozzles. In an embodiment 



of the invention, the suction chambers of multiple fluid 
ejectors may be functionally connect d to one or more 
resen/oir vents. In an embodiment of the Invention, a 
plurality of fluid ejectors may be functionally connected 

s either serially or in parall I. Other embodiments of the 
invention may have other fluid ejector arrangements, 
such as those skilled In the art are able to design that 
result in the desired and predetermined sub-atmospher- 
ic pressure in the resen/oir 14. 

10 [0020] In a preferred embodiment of the invention, the 
sub-atmospheric pressure in the resen/oir is less than 
1 .5 psia. Embodiments of the invention use any suitable 
combination of cryogenic fluids as the cooling cryogenic 
flukl 16 and the cryogenic flukJ stream 22. Examples of 

IS the cooling cryogenic fluids include liquid nitrogen or liq- 
uid hydrogen. Examples of cryogenic fluid streams in- 
clude liquid oxygen and liquid hydrogen. In a further em- 
bodiment of the invention, the cryogenic liquid heat ex- 
changer system 10 cools the liquid oxygen or the liqukJ 

20 hydrogen of the Incoming cryogenic fluid stream 22 to 
less than 120'R and 26**R, respectively. 
[0021] Although presently preferred embodiments of 
the present inventbn have been described in detail 
hereinabove, it should be clearly understood that many 

2S variations and/or modifications of the basic inventive 
concepts herein taught, which may appear to those 
skilled in the pertinent art, will still fall within the spirit 
and scope of the present invention, as defined in the 
appended claims. 

30 

Clatins 

1 . A cryogenk: liquid heat exchanger system compris- 
es ing 

(a) a sub-atmospheric pressure reservoir com- 
prising a vacuum exhaust 

(b) a tube that extends through the reservoir; 
40 and 

(c) an initial fluid ejector having a suction cham- 
ber inlet that is functionally connected to the 
reservoir vacuum exhaust. 

^ 2. The system of claim 1 , wherein suction chamber in- 
lets of a plurality of fluid ejectors are functionally 
connected to the reservoir vacuum exhaust. 

3. The system of claim 1 , comprising a plurality of res- 
50 en/oir vacuum exhausts. 

4. The system of claim 3, .wherein suction chamber in- 
lets of a plurality of fluid ejectors are functionally 
connected to the plurality of reservoir vacuum ex- 

ss hausts. 

5. The system of claim 3, wherein suction chamb r In- 
lets of a plurality of fluid ejectors are functionally to 
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the plurality of reservoir vacuum exhaust, respec- 
tively. 

6. Th system of claim 1, furth r comprising one or 
more additional fluid ejectors functionally and seri- s 
ally connected to a discharg of the Initial fluid ejec- 
tor. 

7. The system of claim 1 , wherein the initial fluid ejec- 
tor has one or more stream Inlet nozzles. io 



through th resen^olr. 

18. The process of claim 17, wherein the cooling cryo- 
genic fluid comprises liquid nitrogen or liquid hydro- 
gen. 

19. The process of any of claims 9-18, further compris- 
ing the step of directing an incoming cryogenic fluid 
stream through a tube that extends through the res- 
ervoir 



8. The system of claim 1 , wherein the initial ejector is 
a steam ejector. 

9. A process for generating sub-atmospheric pres- is 
sures in a cryogenic fluid heat exchanger resen^oir 
comprising the step of discharging an initial fluid 
stream into an initial fluid ejector having a suction 
chamber functionally connected to an exhaust of 
the reservoir 20 



20. The process of claim 17, 18 or 19, wherein the in- 
coming cryogenic fluid comprises liquid oxygen or 
liquid hydrogen. 



10. The process of claim 9, wherein the discharging 
step further comprises the step of discharging a plu- 
rality of initial fluid streams into the initial fluid ejec- 
tor 25 



11. The process of claim 9, wherein the discharging 
step further comprises discharging a plurality of in- 
itial fluid streams into a plurality of initial fluid ejec- 
tors having a suction chamber, wherein the suction ^ 
chambers are functionally connected to a plurality 
of reservoir exhausts. 



12. The process of claim 9, further comprising the step 

of discharging a plurality of fluid streams into one 3S 
or more serially connected fluid ejectors, wherein a 
first fluid ejector of the serially connected fluid ejec- 
tors has a suction chamber that Is functionally con- 
nected to an outlet of the initial fluid ejector. 

40 

13. The process of claim 9, wherein the fluid stream Is 
a steam flow. 

14. A process for generating sub-atmospheric pres- 
sures in a cryogenic fluid heat exchanger reservoir 4S 
comprising the step of using one or more fluid ejec- 
tors to reduce the pressure in resen/oir 

1 6. The process of claim 1 4, further comprising the step 
of using serially connected fluid ejectors to reduce so 
the pressure in the resen/oir 

16, The process of claim 14 or 15, wherein the using 
step further comprises the step of directing a steam 
flow into the fluid ejector. ss 

17. The process of any of claims 9-16, further compris- 
ing the step of directing cooling cryogenic fluid 
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(57) A cryogenic liquid heat exchanger system (10) 
has a subatmospheric pressure resen/oir (14), a tube 
(24), and an inltia! fluid ejector (12). The sub-atmospher- 
ic pressure reservoir (14) has a vacuum exhaust (32). 
The tube (24) extends through the resen/oir (14). The 
initial fluid ejector (12) has a suction chamber Inlet that 
is functionally connected to the resen/oIr vacuum ex- 
haust (32). The system may have a plurality of fluid ejec- 
tors connected to one or more exhausts either in series 
or parallel. The Initial fluid ejector (12) may receive one 
or more pressurized fluid streams (36), and the streams 
may be steam. A process for generating sub-atmos- 
pheric pressures in a cryogenic fluid heat exchanger 
resen^oIr (14) includes the step of discharging an Initial 
fluid stream (36) into an Initial fluid ejector (12) having 
^ a suction chamber (30) functionally connected to an ex- 
^ haust (32) of the resen/oir (1 4). A process for generating 
^ sub-atmospheric pressures in a cryogenic fluid heat ex- 
^ changer resen/oir Includes the step of using a fluid ejec- 
tor (12) to reduce the pressure In the reservoir (14). In 
CO either process, cooling cryogenic fluid (16) is directed 
^ through the resen/oir (14). The cooling cryogenic fluid 
(16) may be liquid nitrogen or liquid hydrogen. In either 
^ process, an incoming cryogenic fluid stream (22) is di- 
Q. 
LU 



rected through a tube (24) that extends through the res- 
ervoir (14). The incoming cryogenic fluid (22) may be 
liquid oxygen or liquid hydrogen, or any other suitable 
cryogenic fluki. 
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